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Abstract: Based on the detailed analysis on the properties of each component in the system of 
dichlorophenol mixture in this paper, a new technique was proposed, which is used to extract   2,4- 
dichlorophenol through the method of cross-current dissociation extraction. The experimental results 
show that the quality content of 2,4- dichlorophenol can be refined to more than 98% with the yield 
reaching to 95% at a blow from raw material mixture after three grades of dissociation extraction. 
Compared with the traditional technique, the new method can bring about a comparatively simple 
processing step, meanwhile, the quality of products can be stable and the energy consumption can also 
be reduced. 
Introduction 
One of the most important usage of 2,4- dichlorophenol is producing dichlorophenoxy acid and its 
corresponding esters herbicides, at present, 2,4-dichlorophenol, whose content is about 90% is needed 
when producing this kind of products, while of which more than 90% 2,4- dichlorophenol are 
manufactured by enterprises themselves. They are produced from phenol by direct chlorination[1，2],  
most of which are 2,4- dichlorophenol(content is 90%) when phenol chlorinated reach to a certain 
depth. And there are two main impurities：2,6- dichlorophenol and 2,4,6-trichlorophenol. However, 
the lower purity of 2,4- dichlorophenol gives rise to lower yield of finished products: 
dichlorophenoxy acid and its corresponding esters herbicides, and to large amount of waste gas, waste 
water and industrial residue. With the increasing emphasis on environmental protection and the high 
demand on the purity of processed products, the enterprises which produce dichlorophenoxy acid and 
its corresponding esters herbicides gradually use 2,4- dichlorophenol with high content instead. 
Therefore, how to separate the dichlorophenol mixture to get high purity of 2,4- dichlorophenol 
comes to be a very attractive topic. [3, 4, 5] 
The properties of 2,4- dichlorophenol, 2,6-dichlorophenol and 2,4,6-trichlorophenol are 
similitude, especially the kind of physicochemical properties of 2,4- dichlorophenol is fairly close to 
that of 2,6- dichlorophenol, so it is rather hard to completely separate the mixture by normal 
distillation. After detailed analysis, the most important different property between 2,4- 
dichlorophenol and  2,6- dichlorophenol is acidic difference, the contributing factor of which is that 
the acidity of phenol is ascend because of the effect of electron-withdrawing substituents (induction 
effect, field effect), that is to say, the phenol become acidic when the electron-withdrawing 
substituents is connected to the benzene ring of phenol, furthermore, the more substituents, the nearer 
from hydroxyl, the stronger acidity of phenol. Therefore, according to the theoretical analysis, the 
acidity of 2,4- dichlorophenol, 2,6-dichlorophenol and 2,4,6-trichlorophenol is increased in turn. 
The measured results showed that the dissociation constant of 2,4- dichlorophenol, 






 respectively, which is 
in accordance with the theoretical analysis before, moreover, the acidic difference of the mixture is 
obvious, so the method of dissociation extraction for separation can be used.  
In order to achieve the aim of separation, the differences of the dissociation constant of each 
component in the mixture is used in the dissociation extraction,  through neutralization, which could 
make some (or a kind) of the components have the priority of forming salt and then enter into another 
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phase (usually it is water phase) of the extraction system from the feed solution, simultaneously, other 
components (or another one ) remain in the feed solution. This is a kind of method for separation by 
combining chemical process of dissociation with physical process of extraction. 
Specific to this system of separation, use the technology of dissociation extraction with the help of 
acidic differences, through neutralization, to make the impurities 2,6-dichlorophenol and 
2,4,6-trichlorophenol have the priority of forming salt and then enter into water phase, simultaneously, 
relatively pure 2,4- dichlorophenol can be get from organic phase. The specific methods: firstly, 
dissolve the materials in organic solvent to form solution, and solution will create mutual convection 
with inorganic alkali solution and then will be connected to each other constantly. 2,6-dichlorophenol 
and 2,4,6-trichlorophenol have the priority of forming salt and then enter into water because of acidic 
differences, thus relatively pure 2,4- dichlorophenol can be get from organic phase. 
Experiment 
Experimental process  





































Fig. 1: Technological process of separation 
1.Raw ingredients kettle 2.Raw material storage tank 3.Alkali liquor storage tank 4.Extraction kettleI 
5.Extraction kettleII       6.Extraction kettleIII            7.Rectification tower 
The mixture of dichlorophenol was taken as raw material (89% 2,4- dichlorophenol; 6% 2,6- 
dichlorophenol; 5% 2,4,6-trichlorophenol) to mix with a certain amount of organic solvent 
tetrachloroethylene, which will become a certain proportion of the solution. Simultaneously, some 
certain content of sodium hydroxide solution was needed to be prepared. Next, the organic layer 
should be removed for further distillation after three grades of dissociation extraction, then 
tetrachloroethylene (boiling point is 121˚C) can be get from the top of tower for recycling, and the 
product from the bottom of tower is 2,4- dichlorophenol. Finally, the water layer removed after three 
times of extraction need to be merged, which contains both miscellaneous phenolic sodium and 
sodium hydroxide, and then sodium salt can be recycled. 
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Experimental technological conditions 
As shown in table 1 and table 2: The optimum technological condition applied to each device in 
separation process 
Table 1 Technological condition of extraction kettle 
Technological 
parameter 
Extraction kettle I Extraction kettle II Extraction kettle III 
Stirring time 10 minutes 10 minutes 10 minutes 
Holding time 20 minutes 20 minutes 20 minutes 
Stirring shaft speed 150 rpm 120rpm 150rpm 
Operating temperature Normal temperature Normal temperature Normal temperature 





















121-122 180-190 0.1 1 16 7 
Experiment process 
According to the technological process in fig.1 and the technological parameter in table 1, 2, raw 
material solution (flow ① in Fig.1) consisted of 30g crude dichlorophenol (89% 2,4- dichlorophenol; 
6% 2,6- dichlorophenol; 5% 2,4,6-trichlorophenol) and 100ml organic solvent tetrachloroethylene, 
meanwhile, 45ml sodium hydroxide solution (15g sodium hydroxide solid in it ) was needed. Adding 
20ml alkali liquor (flow 2 in Fig.1) to extraction kettle I first, and then all raw material solution was 
added into it, after that, the mixture needed to be kept on stirring with the speed of 150rmp for 10 
minutes. Next, organic layer (lower layer) and water layer (upper layer) were removed respectively 
after holding 20 minutes. Organic layer should be continued to be added into extraction kettle II with 
mixing 15ml alkali liquor (flow 3 in Fig.1) for the second extraction. The stirring time and holding 
time were same as stated above. Organic layer (lower layer) and water layer (upper layer) were 
removed respectively again, and that organic layer was continued to be added to extraction kettle III 
with mixing 10ml alkali liquor (flow 4 in Fig.1) for stirring, The stirring time and holding time were 
also same as stated above. Shortly after, the organic layer (flow 5 in Fig.1) should be removed for 
further distillation after three grades of dissociation extraction. Finally, tetrachloroethylene (flow 5 in 
Fig.1) could be got from the top of tower for recycling with recovery of solvent over 97%. The 
product from the bottom of tower was 2,4- dichlorophenol, whose purity was over 97%, and the yield 
for once was over 95%. In addition, the water layer removed after three times of extraction needed to 
be merged, which contains both miscellaneous phenolic sodium and sodium hydroxide, and sodium 
salt needed to be recycled. 
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Conclusions 
2,4-dichlorophenol with the purity of over 98% can be get by blending the mixture of dichlorophenol 
(89% 2,4- dichlorophenol; 6% 2,6- dichlorophenol; 5% 2,4,6-trichlorophenol) and a certain amount 
of organic solvent tetrachloroethylene together, meanwhile, some certain content of sodium 
hydroxide solution is needed. Compared with traditional method of ordinary distillation, purer 
products can be got, higher yield can be reached and the energy consumption is lower. What’s more, 
the costs for manufacturing are lower since the organic solvent can be recycled during the whole 
process. Therefore, a new method has been provided by our research work for producing purer 2,4- 
dichlorophenol. 
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